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BABCOCK 
FUSION WELDING 


The illustration shows the Babcock Fusion Welding Shop at our Renfrew Works. 


THE ONLY ADEQUATELY 
PROVED METHOD OF 
WELDING FABRICATION. 


In virtually all types of pressure vessels, safety 
is a factor of paramount importance. The 
damage to life and property and the loss of 
production that may result from a single failure 
will justify, many times over, the relatively small 
additional cost of the best welding obtainable. 
The only class of welded fabrication applicable to 
pressure vessels whether for steam or dangerous 
chemicals, and which provides proof of safety in 
advance of use, is Babcock Class One Fusion Welding. 


SOME OF THE EXCLUSIVE FEATURES AND POINTS 
OF SUPERIORITY OF THIS TYPE OF WELDING ARE: 


All longitudinal joints and all circular joints must 
be subjected to X-ray examination to prove the 
soundness of the weld. This requirement is 
imperative in Babcock Class One Fusion Welding. 


All pressure vessels are stress relieved after 
welding. This eliminates the tendency toward 
weakness and brittleness in welds not so treated, 
and removes the danger of localized corrosion. 
The vessel thus goes into service without 
inherent stress. 


The bend test specified is the most rigid — 
not less than 30%, elongation of outside fibres 
as compared with 20°, for standard specifications. 


The tensile strength of the joint as shown 
by test must be not less than 100°, of that 
of the plate. 


The elongation of the weld metal itself must be 
not less than 20°, in 2 inches. 


The specific gravity must be not less than 7°80, 
assuring the practical absence of porosity. Other 
types of welding do not require a density 
determination. 


Qualification tests of welders are made continuously 
during production through test plates. 


All the foregoing tests for Babcock Class One 
Fusion Welded Vessels may be observed by a 
duly authorized Inspector. 


Babcock Class One Fusion Welding is the one type 
of welding approved by us for the construction 
of pressure vessels of all sizes, and for all pressures 
and temperatures within practical limits. 


Ask for our catalogues :— 
No. 1095A.—Babcock Fusion Welding. 


No. 1145. — The Development of Welding as applied 
to Boiler Drums and Steam Receivers. 


BABCOCK CLASS ONE WELDING GIVES MAXIMUM 
PROTECTION AGAINST COSTLY FAILURE. 


BABCOCK & WILCOX LI 


BABCOCK HOUSE, FARRINGDON ST., 3 
LONDON, E.C.4. 
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Welded 
Steel Tubing 


Transformers 


Write for 
Publication J.50 


= TUBE PRODUCTS LTD. 


(INCORPORATING H. JOYCE & CO.) 


OLDBURY @ BIRMINGHAM 
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T 


THE 
KING or PACKINGS 


ENQUIRIES INVITED 
FOR ALL PRESSURES OF STEAM ano WATER 


CANES WALEEA Lo. 
‘WORKS, Woking, , 


MANUFACTURERS of PACKINGS & 
JOINTINGS of every description 


NEERING 


WE SHALL HAVE A COMPREHENSIVE DISPLAY 


ON STAND D 606. 
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rolley Buses 
Demand 


Some of the operators of 
‘A.E.C.’ and ‘ENGLISH ELECTRIC’ 


Trolley Buses 


ADELAIDE, ASHTON UNDER-LYNE, BIR- 
MINGHAM, BOURNEMOUTH, BRADFORD, 
CHRISTCHURCH, DARLINGTON, LEEDS, 
GRONINGEN, HUDDERSFIELD, KYOTO, 
LONDON TRANSPORT, MAIDSTONE, 
MEXBOROUGH & SWINTON TRACTION 
CO., NEWCASTLE, NOTTINGHAM, NOTTS 
AND DERBY TRACTION COMPANY, 
PONTYPRIDD, PORTSMOUTH, SHANGHAI 
ELECTRIC CONSTRUCTION COMPANY, 


SINGAPORE TRACTION COMPANY 


We ail be pleased to send 


particulars on request 


THE ENGLISH ELECTRIC COMPANY LTD. 


Traction Dept., Bradford. 


THE ASSOCIATED EQUIPMENT CO., LTD. 


Southall, Middlesex 


LTD., SOUTHEND, SYDNEY, WALSALL. 
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USEFUL DATA 
CLUTCHES 


Anew booklet 
_by Broadbent 
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Motive Power is often purchased on the 

basis of the rated H.P. of the motor, 
ily consequently if it is possible to use a 
i motor of minimum power a consider- 
able saving would be effected in power 
and installation costs. 


A ‘* Broadbent” Automatic Centrifugal 

Clutch Pulley or Coupling enables a 

motor of minimum overload capacity to 

a start up without the slightest trouble 

against full load, and definitely reduces 
the starting current consumption. 


Over 20,000 already supplied. 
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‘English 
Electric’ 


ROLLING 


MILLS 
AND 


Mill Motor in service § 
in South Africa. 


Right— 
2,940 H.P. Winding 
Motor in service 
in South Africa. 


‘English Electric’ Heavy Duty Drives aggregate over 

750,000 Peak H.P. for Steelworks and Mining Plant 
Equipments recently supplied or on order include comprehensive contracts for Mill 
Drives for the Pretoria Steelworks of the South African Iron and Steel Industrial 
Corp. ; Messrs. Guest, Keen & Nettlefolds ; Partridge, Jones & John Paton & Co. ; 
and British (Guest Keen Baldwins) lron & Steel Co., Ltd. ; also winding plant for: 
Union Corp. Ltd., for East Geduld Mines, Ltd., and for Van Dyk Proprietary Mines, 
Ltd. : Central Mining and Investment Corp. for Crown Mines : Coniaurum Mines, 
Ltd., and Hilton Main & Holly Bank Collieries, Ltd. 


Queen's House, Kingsway, London,W.C.2. 
Works: STAFFORD, BRADFORD,RUGBY, PRESTON. 


LECTRIC COMPANY LTD. 


| 


TYPICAL 
APPLICATIONS 


Traction Motors 


(Pure Asbestos) 


INSULATED WIRES 


COILS WOUND WITH 
* LEWBESTOS ” 
CONDUCTORS 


DO NOT BURN OUT 


WHEN SUBJECTED TO 
HIGH TEMPERATURES 
Our booklet on Modern Armature 


Winding gives practical and technical 
information. SEND FORIT NOW! 


THE LONDON ELECTRIC WIRE 
COMPANY... SMITHS, LIMITED 


Church Road Leyton, London. E.10O. 


Tel: LEYTONSTONE 3636/(1O lines) Telg:: LEWCOS, LONDON. 
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RELIABLE 


A.C.7°D.C. CONVERSION 


Westinghouse Metal Rectifiers never con- 
stitute a drain on overheads. No maintenance. 
No supervision. No renewals. Nothing to go 
wrong or wear out. 


Send us your rectification problems. We 
shall be pleased to help you. 


Westinghouse Brake & Signal Co. Ltd., 
82 York Road, King’s Cross, London, N.1. 


[WE STINGHOUSE]@) 


METAL 


RECTIFIERS 
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Established 1868 


ATTWATER & SONS 


PRESTON, ENGLAND. 


MICA AND MICANITE IN ALL FORMS. 
VULCANIZED FIBRE. PEERLESS LEATHEROID. 
PRESSPAHN AND FULLERBOARD In Sheets and Rolls. 

EMPIRE CLOTH AND TAPES. 
COTTON AND ALSO ASBESTOS DYNAMO TAPES. 
BAKELITE RESIN, VARNISH, SHEETS, TUBES, ETC. 


For all oil immersed Electrical Apparatus. — 


EBONITE ENGINEERS 


Contractors to British and Foreign Governments, Admiralties and War Offices. 


SHEETS SPECIALLY SHEARED FOR 
CUSTOMERS’ REQUIREMENTS DOWN TO 3’. 


STEEL, PLAIN & CHEQUERED PLATES 
STEEL SECTIONS + IRON & STEEL 
MERCHANT BARS - FLITCH PLATES 
HOOPS, ETC. 


Full range of sizes and large tonnages always in stock. 
MONTHLY STOCK LIST MAILED ON APPLICATION. 


Clephone: No 
Tipton 16/1 (5 lines) 


elegrams Eagle. West Bromwich 


(te : 
| 
| a We can supply your requirements immediately Ss 
OR ALL from stock at the lowest possible prices. 
PURPOSES 
HALL BROS (West 
EAGLE WORKS-GREETSGREEN 
| WEST BROMWICH 
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OILS 


INSULATION 


AND 


LUBRICATION. 


Silvertown Transformer, Switch and  Penetrol 
Heavy Insulating Oils are used, approved and supplied 
by the principal Transformer and Switchgear Manufac- 
turers. Millions of gallons are in daily use in all 
parts of the world. 


SS 


3 
Silvertown Lubricants, for Plant, Machinery [ieee atl 


and Transport of every description, are known 
and appreciated for their outstanding value 
by discerning buyers throughout the world. 


Contractors to The English Electric Co., Ltd., and Principal Government 
Departments, Railways, Municipal Authorities and Industrial Firms. 


Silvertown icants 


MINOCO WHARF, 
WEST SILVERTOWN, LONDON, E.16. 


Send for a copy of Booklet on Electrical Oils. 
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THE DIESEL-ELECTRIC TUG 


MACHINERY BY 
SENGLION ELECTRI( 
7 COMPANY LIL 


The ' Framfield,’ built by 
J. 1. Thornycroft & Co. for 
The Thames Steam Tug and 
Lighterage Company 


Advantages : 


ECONOMICAL OPERATION 
LOW MAINTENANCE COSTS 
RAPID MANCEUVRING 


The‘English Electric’ organisation provides 
UNDIVIDED RESPONSIBILITY 
IN THE DESIGN AND CONSTRUCTION OF 
COMPLETE DIESEL-ELECTRIC MACHINERY 


View of Engine Room 
showing part of the two 
6-Cylinder 265 H.P., 


> 


Generator Sels : 4 


ELECTRIC COMPANY LTD. 


Queen's House, Kingsway, London,W.C.2. 


Works: STAFFORD, BRADFORD, RUGBY, PRESTON. 
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This new selective L.T. Disconnect- 
ing Box for four-core cables provides 
more facilities for subdividing a dis- 
tribution network than now exists 
with the standard type of box. 


With this box it is also possible for 
a supply given to a large consumer 
to be safeguarded, as it allows an 
alternative supply to be connected 
up by means of a separate feeder 
from two different sub-stations, the 
change over being effected simply by 
inserting the respective links and 
fuses. Another important point is 
the ease with which the jointing is 
done. 


Boxes for 4 and 6 cables can be 
supplied. 


Write for Catalogue 160, 2C. 


A Selective Disconnecting Box 


4-way Box, with diving bell lid removed. 


EMEN 


SELECTIVE 


LINK FUSE 
BOX 


(Patent No. 424,070) 
fitted with 


“English Electric” Cartridge Fuses 
up to 400 amps. 


SIEMENS BROTHERS & CO. LTD. 
Tele. Woolwich 1161 WOOLWICH, LONDON, S.E.18 Established 1858 


J 
4 if j { CK N 
, 


The 
ENGLISH ELEC 
JOURNAL 


3 
= 
2 
= 
= 


Queen’s House from Lincoln’s Inn Fields. 


All rights of republication, including translation of articles, are reserved. 
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THE DIESEL - ELECTRIC 


CURRENT-LIMITING REACTORS, 


THEIR DESIGN AND APPLI- 


CATION - - - - 


All Communications respecting Editorial 


Contents should be addressed to Tue Epiror, 
Tur Enciisu Exvectric JourRNAL, THE ENGLISH 


Evectric Company LIMITED, STAFFORD. 


APRIL, 1935 


One Shilling. 


EDITORIAL. 


In the January 1935 issue of this Jour- 
nal we published an article giving the 
and describing 
Shunting 


advantages Diesel- 
and 


following on this, the first article in this 


Electric Locomotive, 
issue deals with the application of the 
diesel-electric system of power trans- 
mission for Marine purposes. 

Mr. Driskell’s article describes the 
Diesel-Electric Tug “‘ Framfield,” which 
has recently been put into service on the 
This 


type of propulsion for tugs has been 


Thames for barge towing duty. 


received with great favour in America, 
where in recent vears a large number of 
Diesel-Electric tugs have been put into 
commission. The results have proved 
that considerable economies can be ob- 
tained both as regards fuel consumed and 
maintenance charges. 

The adoption, in this country, of diesel- 
electric propulsion for tugs is quite recent, 
the “ Framfield”’ being the third vessel 
of this type to be constructed. It is 


113 


anticipated that this type of propulsion 
will be more widely used in the future. 
It will be appreciated that the duties of a 
tug necessitate very frequent and rapid 
and the _ diesel-electric 
system of propulsion is ideal for this class 


manoeuvring, 


of duty, especially asthe complete control 
of the vessel is in the hands of the navi- 
gator on the bridge. 

A noteworthy feature of the‘ Framfield”’ 
is that the whole of the propulsion equip- 
ment has been manufactured by The 
English Electric Company, thus ensuring 
maximum co-ordination in its design and 
manufacture. The equipment includes 
Diesel engines, generators, main propul- 
sion motor, auxiliary motors and control 
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gear. The hull was built by Messrs. 
John I. Thornycroft, Southampton. 

The second article, by Mr. R. M. 
Charley, deals with the design and appli- 
cations of current-limiting reactors. After 
careful investigation the Company con- 
siders that the oil-immersed reactor is 
the most satisfactory type for a wide 
range of operating conditions. The Grid 
with its network of large power stations 
has introduced many new applications for 
current-limiting reactors. 

The Company has had considerable 
experience in the design and manufacture 
of oil-immersed reactors, and is in a 
position to build units up to the largest 
sizes, and for the highest voltages. 


A Cordial Invitation 


BRITISH INDUSTRIES FAIR, 


Birmingham. 
May 20th to May 3lst. 
Stand No. C.613.. 


Exhibits will include a wide range of 
Industrial Fuse Gear, Domestic Heating 
and Cooking appliances, comprising Elec- 
tric Cookers, Fires, Water Heaters, Irons 
and Washing Machines. In addition, there 
will be shown House Service Meters of 
the quarterly and prepayment types; 
Transformers for neon signs, portable and 
wall-mounting Transformersfor low voltage 
lighting. 


is extended to our readers to visit the 
Company's Stand at the following forthcoming Exhibitions. 


NATIONAL ELECTRICAL 
CONVENTION EXHIBITION, 


Bournemouth. 
June 4th to June 8th. 
Stand No. 14. 


A comprehensive range of Domestic 
Heating and Cooking appliances will be 
shown, including Electric Cookers, Fires 
of the Portable, Inset, Wall-type Surround 
and Mantel-Surround Type, Water- 


Heaters, Irons and Washing Machines. 
In addition, several new products will be 
exhibited. 
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The Diesel-Electric Tug 


“ F'ramfield.” 


By T. W. DRISKELL. 


The application of electricity to the propulsion 
of ships is not a new development, but it was not 
until recent years that it left the experimental 
stage and became fully established. One of the 
most popular and successful applications has been 
to tugs, and the latest example in this field is the 
barge-handling tug Framfield,”’ shown in the 
frontispiece. This was built for the 
Thames Steam Tug and Lighterage Co., Ltd., by 
Messrs. John I. Thornyeroft & Co., Ltd., South- 
ampton, to the designs and_ specitications of 
Messrs. Constants, Ltd., 


vessel 


who acted as con- 
sultants. 

The whole of the propulsion equipment and 
auxiliary motors, with the Diesel 
engines, were manufactured by The English 
Electric Co., Ltd., who thus hold a unique 
position in this respect, ensuring full co-ordina- 
tion in the design and construction of all the 
equipment. 

The results obtained by adopting this form of 
propulsion for tugs prove that it has many 
advantages over either the direct-driven Diesel 
tug or the steam tug. It will be appreciated 
that this class of vessel is called upon to perform 
certain operations which call for ease of opera- 
tion, quick response and reliability in a high 
degree. Some of the more important advantages 
of the electric drive are :— 

1. The propeller speed can be designed 
exactly to give the best towing results. Thus 
an increased pull B.H.P. of 


together 


tow-rope per 


engines can be obtained. 

2. The control of the vessel may be carried 
out directly from the bridge so that instant and 
accurate response is obtained. 


3. Reliability and low maintenance costs are 
assured because the engines run under ideal con- 
ditions, i.e., they are unidirectional and run at 
constant speed. This leads to low maintenance 
costs, as the engines are not subjected to the 
repeated stopping and starting as in the case of 
the direct-drive engine. The reliability of elec- 
trical machines is well known, and their main- 
tenance costs are extremely low. 

4. The operating staff is very small as com- 
pared with a steam tug, one engineer only per 
shift being required. One engineer is sufficient 
because the control is carried out from the bridge 
and the engineer can devote the whole of his 
attention to the machinery. 

5. The propeller speed and consequently the 
ship speed can be increased when not actually 
towing until the Diesel engine is fully loaded, 
although not running at over normal speed ; 
consequently full use is made of the power avail- 
able and time 
tow. 

6. More one generating set can be 
installed to drive one propeller and the propulsion 
motor may be of the double-armature type. This 
provides a complete stand-by, as 79 per cent. of 
full speed and one-half towing pull can be obtained 
even when one generating set of a two-engine tug 
is shut down. 


is saved when proceeding to 


than 


One-half of the propulsion motor 
can also be isolated and half power obtained from 
the other. 

7. Economical running is obtained because 
the engines are running under the most efficient 
conditions. 


They can be shut down when not 
actually propelling the vessel, thus eliminating 
all stand-by losses. 
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THE GENERAL ARRANGEMENT. 
The ** Framfield ’’ is a single-screw vessel, and 


her principal dimensions are as follows :— 

Length overall ... $3 ft. Oin. 

Length between perpendiculars 77 ft. 6 in. 

Breadth ... din .. 19 ft. 

Depth Moulded 10 ft. 4} in. 

Draught aft... 10 ft. Oin. 

The hull is built of Siemens Martin mild-steel, 
and the scantlings are greatly in excess of the 
highest classification requirements of Lloyd's 
Register of Shipping, to which the vessel has been 
built. 
operating on the Thames this is a very 
feature. 

The hull form has been built to plans specially 
prepared to meet the conditions of a maximum 
draught of 10ft., with a maximum height above the 
load line of 10 ft. 10 ins. These plans were pre- 
pared by Messrs. J. lL. Thornycroft & Co., Ltd.. in 
conjunction with Messrs. Constants to the special 


Experience has shown that for tugs 


desirable 


requirements of the owners’ specification. 
The machinery is situated amidships as shown 


in sectional arrangement Fig. i, whilst Fig. 2 
shows the engine-room looking forward. Accom- 


modation for officers is provided forward in a 
comfortably furnished saloon with cushioned 
settees, table and lockers, and at 
the after end of the vessel there 
is a crew's messroom arranged 
with an entrance both from the 
engine-room and the deck. It is 
fittedwithseat lockers,mess table, 
cooking and warming stove. This 
room is also used to store the navi- 
gation lamps, equipment, 

The counter stern is of cast- 
steel inone piecefrom the transom 
right aft ; this ensures adequate 
strength at a point where most 
of the blows are taken during 
barge handling. It will be seen 
from the general arrangement 
drawing, Fig. 1, that the keel has 
been cut away below the stern 
tube to allow the water to flow 
through when the vessel is turn- 
ing; this is termed a “sluice 


ete. 


keel” and ensures ease of steering and 


manceuvring. 
as will be seen from the 
official trials. 

The bulwarks are low and very 
structed with considerable ‘* tumble home,” 


This has proved very successful, 
results obtained at the 


strongly con- 
and 
the casing is of reasonable height, with lighting 
and ventilating skylight flaps. The engine-room 
entrances are built up to full height on each side, 
just aft of the bridge, which is placed over the 
top of the fore end of the casing and is completely 
enclosed in teak. 

The bridge is fitted with telegraphs operating 
the main controller in the engine-room. This 
gives the control of the vessel directly in the 
hands of the navigator. The necessary indicating 
lights and instruments are also mounted in the 
bridge ; these include an indicator showing the 
speed in R.P.M., ahead and astern of the pro- 
peller, and a Tyfon compressed air whistle. 

The steering gear for the vessel was made by 
Thos. Reid & Sons (Paisley), [td., 
vertical 


Messrs. and is 


operated electrically by means of a 
spindle motor. The mechanism is placed on the 
bridge and is connected to the rudder by chains 
The motor is placed in the engine- 


rods. 


room, immediately below the bridge, where it is 


a 
—) 
Pig. 2.-Engine-room, looking Forward. 
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Fig. 3.—One of the 265 BAH Diesel Generator Units. 


fully protected. The mechanism is so arranged 
that direct hand steering can be used. 

The appearance of the vessel is distinctive, as 
there is no funnel. It will be noticed from the 
frontispiece photograph that two engine-room 
ventilators are placed abaft the bridge; these 
are arranged with the exhaust pipes through the 
centre and emerging at the top, This arrangement 
gives an unobstructed view in all directions from 
the bridge—a valuable feature when handling 
barges. At the same time the vessel is able to 
pass under low bridges without the necessity of 
lowering a funnel. 

The main fuel supply is carried in four separate 
fuel-storage tanks placed at the four corners of 
the engine-room. These tanks have a_ total 
capacity of about 12 tons, which is ample for one 
week’s service without re-fuelling. The engines 
themselves are fed by gravity from a daily service 
tank ; this tank is divided, each half supplying 
one engine, the total capacity of the tank being 
approximately } ton. 

The engine seatings were specially designed to 
give a very strong and rigid structure in order to 
reduce vibration to a minimum. This has proved 
-very successful, as the engines are remarkably 
steady and free from vibration. 

The vessel is fitted with electric heaters in the 
fore cabin and on the _ bridge. Electric 
lighting has been installed throughout. An 
interesting feature of the electric navigating lights 
is a specia] warning device. This consists of 
relays operating a warning bell and indicating 
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lamps arranged so that if 
a navigating light should 
fail the bell rings and an 
indicating light shows 
which lamp has gone out. 
ENGINES. 

Two 265 B.H.P. Diesel 
engines provide the power 
for propulsion; they 
are each of the * English 
Electric six-cylinder 
solid injection type run- 
ning at 530 r.p.m., with 
a bore of 10 in. and stroke 
12 in. They are fitted 
with individual C.A.V.-Bosch fuel pumps for 
each cylinder, all controlled by the main 
governor ; the camshaft is chain driven from 
the flywheel end of the engine, and the 
governor is driven from the opposite end of 
the camshaft. The valves and valve seats are 
carried in separate cages so as to be easily 
removable, and it will beseen from the illustrations 
that the whole of the valve gear and fuel 
pump mechanism is totally-enclosed. This 
gives the engines a very clean appearance and 
reduces noise. 

The engines are started on all six cylinders by 
compressed air at 350 Ib. per sq. inch. This is 
contained in two receivers of ample size, and on 
trial it was found that with twelve successive 
starts of one engine from one receiver the pressure 
only dropped to 219 lb. per sq. inch. 

The engines drive their own circulating water 
and the bilge pumps. These are of the recipro- 
cating marine type driven through gearing from 
the crankshaft at one-third engine speed. 

GENERATORS. 

Each of the Diesel engines is directly coupled 
to a 168 kW. main generator and 25 kW. auxiliary 
generator in tandem, as shown in Fig. 3. Each 
main generator has a full load voltage of 350 volts. 
The auxiliary generators are designed for 110 
volts and supply the excitation of the main motor 
and part of the excitation for the main generators, 
in addition to the auxiliary load and lighting. 
One auxiliary generator is sufficient for the whole 
of the load, the cther being stand-by. 
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Fig. 1—The 1008. H. P. 


The magnet frames of the generators are of 
fabricated construction and the main generator 
This 
enables the bottom poles to be inspected and 


frames are rotatable and carried in cradles. 


removed if required without dismantling the 
machine or removing the rotor. 
PROPULSION Moror. 

The propulsion motor is of the double-armature 
type and carried in cradles in the same manner 
as the main generators. 
type of motor is small in diameter for its output ; 


The double-armature 


this saves a considerable amount of space and 
enables the motor to be mounted low down in the 
vessel and avoids the propeller shaft being raked 
at a large angie. In addition to this, 
added reliability to the equipment, as one half 


it affords 


can be disconnected and half power obtained 


from the other. Fig. 4 shows the motor 
installed on the vessel. 


The two armatures are mounted on a “through” 
shaft, which has a forged-on coupling at one end 
for bolting to the ** Michell” thrust block which 
also incorporates the after-end bearing of the 
motor. 

The propulsion motor and generator bearings 
are disc-lubricated, the motor bearing having two 
dises, one each end of the journal as shown in 


Double- Armature Propulsion Motor. 
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Fig. 5, and the oil is fed to 
the centre of the bearing by a 
special type of slipper carried on 
the rim of each dise at the top. 
This bearing has proved very 
successful in operation and pro- 
vides ample lubrication at all 
speeds, both ahead and astern. 
CoNTROL SYSTEM. 

The control of the propulsion 
the well-known 
Leonard principle 


motor is on 
Ward 
whereby its speed and direction 
of rotation are changed by vary- 


ing the strength and polarity of 
fields. By 
system it is 


the generator 
this 
control the ship without switching 
the heavy 
current connections between the 


using 
possible to 
operations in main 
motors 


The generators and propulsion motor armatures 
connected in 


dynamos and driving 
manner shown 
Fig. 6. Each 
cut-out 


are series in the 


on the diagram of connections, 


generator is connected through a 


switch (not used for control operations) so 
that the motor can be operated from either of 
the two generators or both together. 


Fig. 5.—Propulsion Motor Bearing, showing special 
lubricating dises. 
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Motor, Motor. and Fuel Transfr. 


Aft Motor. 

Forward Motor. 

Port Generator. 
Starboard Generator. 


Circuit Breaker. 


Port Aux. Generator. 


Starboard Aux. Generator. 


Emergency Generator. 


Discharge Resistance. 


Generator Cut-out Switch. 


F1 =Self Excited Field. 

F2 =Sep. Excited Field, 

C1 = Potr. Regr. for self Euwcited 
Fields. 

C2 = Potr. Regr. for sep. Excited 
Fields. 

SF = Series Field. 

H_ = Resistance for Motor Field 
weakening. 

J = Reducing Resistance for Gen. 
Field, 


K = Regulator for Self Excited Field. 
= Regulator forSep. Excited Field. 


M = Regulator for Motor Fields. 
FS = Field Switch. 


Fig. 6.—Schematic diagram for Electric Propulsion Equipment. 
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It will be appreciated that Diesel 
engines are only capable of a limited 
overload, and in order to maintain 
full-load conditions under normal 
working, means must be provided to 
prevent the propeller from imposing 
undue overloads such as would stall 
the engines, either during manceuvring 
or in case the propeller became fouled 
or entangled. This protection is 
carried out in the foilowing manner. 

The generators have been designed 
with three field circuits to give de- 
compounded 
fields 
excited 


characteristics, these 
consisting of a separately 

shunt field, a_self-excited 
shunt field, and a negative series 
field. Under normal operation the 
negative series winding overcomes 
part of the shunt winding, the 
remainder being sufficient to produce 
the required field. Should the 
propeller cause an overload to be 
imposed on the motor the extra 
current in the series winding over- 
comes a greater proportion of the 
shunt winding and so reduces the 
voltage at the terminals of the 
generator, thus preventing an ex- 
cessive current flowing between the 
generators and the motor and also 
preventing any overloading of the 
engines. 

The two shunt fields are varied in 
strength to give varying speeds of 
the propeller, and the separately 
excited shunt field is reversed as 
well when ‘it is required to reverse 
the propeller. Both fields are con- 
trolled by the main controller, which 
is placed in the engine room; the 
controller face-plate is illustrated in 
Fig. 7. The complete control of the 
tug is carried out from the bridge on 
which is mounted two standard type 
ships’ telegraphs, giving control from 
both sides of the bridge. These are 


cross connected mechanically so that 
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Fig. 7.—Propulsion Control Regulator. 
{ 


they work together, and the connection is con- 
tinued down to the engine room on to the con- 
troller, which is mounted on top of the control 
board. These connections are by shaft and bevel 
wheels. On reaching the control board the final 
connection to the controller is by chain through a 
clutch mechanism. This clutch mechanism is 
arranged so that the bridge control can be 
isolated and the contro'ler connected to a 
handwheel on the control board. There is 
a further handwheel on the controller shaft 
itself to enable control to be maintained 
should the chains break. 

The main control board is shown in Fig. 8, 
and its position in the engine room can be 
seen in Fig. 9; it is of the dead front type 
and consists of four-sheet steel panels. Two 
of these control the two main generators, 
one controls the propulsion motor and one 
the two auxiliary generators. The generator 
panels are fitted with a main cut-out 
switch arranged to make” before break,” 
so that the machine can be isolated without 
shutting down the propulsion motor. The 
method being to open the field-switch first 
and when the voltage has dropped to about 
zero the cut-out switch is operated. In 
order to prevent incorrect operation, an 
interlock is fitted to ensure that the field 
switch is opened first and closed last. 
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In addition, to ensure that a reasonable 
time has elapsed to enable the field to die 
away, a special catch has been provided to stop 
the cut-out switch in the mid position, when the 
‘atch is released the switch can be finally closed. 

The motor panel is provided with a combined 
regulator for the motor and generator fields 
arranged to maintain the motor field constant, 
whilst inserting a resistance in the generator fields 
to compensate for their cold and hot condition 
and to maintain the generator field constant 
whilst inserting a resistance in the motor field for 
adjusting the speed of the propellers. 

The operation is by a common handwheel and 
the regulator is operated in conjunction with an 
over-current relay and lamp, which warns the 
engineer when the current has exceeded a pre- 
determined figure and the field regulator requires 
adjustment. 

The auxiliary generator panel is fitted with 
breakers and an excitation changeover switch to 
enable excitation to be carried by either auxiliary 
generator. The power required for auxiliary 
motors, lighting, ete., is controlled by a separate 
small distribution panel, placed along the port side 
of the vessel ; this panel is illustrated in Fig. 10. 


Fig. 8.—Main Control Board. 
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Fig. 9.—Engine-room, showing position of Main Control Board. 


All the essential parts of the equipment have 
been suitably interlocked to make it as mistake- 
proof as possible, and earth indicating lamps have 
been provided for all circuits. 

AUXILIARY MACHINERY. 

The necessary engine-room auxiliaries have 
been provided and placed along the sides of the 
vessel. A stand-by generating set, illustrated in 
Fig. 11, is installed, which consists of a 10 H.P. 
Petter engine driving a 5 kW. generator, and a 
compressor, which is provided with a clutch so 
that it can be disconnected when not required. 
In addition to this, there is a motor-driven com- 
pressor for use when the main engines are running. 
A general service pump is provided for deck use 
and for supplying the engines with circulating 
water if required. The fuel is transported from 
the main tanks to the daily service tanks by a 
motor-driven fuel-transfer pump, which has a 
small hand-operated pump as standby. 

CABLES. 

The main cables are lead covered end armoured, 
and were manufactured by Messrs. Siemens 
Brothers, Woolwich. They are carried in per- 
forated trays supported from the deck beams. 
The auxiliary cables were supplied through 
Messrs. Siemens Electric Lamps & Supplies, Ltd., 
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by British Insulated Cables, 
Ltd. The whole of the cable 
work, together with the light- 
ing installation, was carried 
out by Messrs. John I. Thorny- 
croft & Co., Ltd. 

Reference to Figs. 2 and 9 
will show that the design of 
the engine-room is very com- 
pact and gives ample space 
for attending to the plant, 
every part is easily accessible 
and, due to the fact that the 
whole of the machinery has 
been painted in a cream 


“4 colour, a very light and 

pleasant engine has 
th been obtained. notable 

. feature is the lack of noise, 
particularly from the exhaust 
when observed the 
bridge, and aiso the very clear exhaust gases. 

TRIALS, 

Official trials were held at Southampton on 
February 27th, and towing trials, with further 
dock trials, were held on the Thames on March 
26th and April Ist. The results are particularly 
gratifying, especially the horse-power per ton 
pull on the towrope, which is the figure which 


Fig. 10.—Stand-by Generator Control and Main Feeder Board. 
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will indicate the future economy 
of the vessel in service. The 
manceuvrability and ease of control 
were particularly noted, and the 
vessel answered to the steering in 
a very satisfactory manner. Both 
the telegraph and the steering 
wheel are extremely light to handle. 


The trials were carried out with 
experimental cast-iron propellers, 
one designed for 100 R.P.M. when 
towing, and another for 130 R.P.M. 
when towing. This was done in 
order to determine the best design 
for towing conditions obtaining on 
the Thames. The final propeller 


will be made from bronze. Fig. Tl. Stand-by Generator and Compre ssor Unit. 


Table A gives the results of the free running Tables B and C give the towing trial results 


speed and manceuvring trials carried out at carried out on the Thames with 100 R.P.M. and 


Southampton with the 100 R.P.M. propeller. 130 R.P.M. propellers respectively. 


TRIAL RESULTS OF DIESEL-ELECTRIC TUG * FRAMFIELD.” 


TABLE A. 
FREE RUNNING TRIALS witH 100 R.P.M. PROPELLER. 
SPEED ON MEASURED MILE. 


Time. Speed. Mean Speed. 
* Mins. Sees. Knots. Knots. 
Full ahead, both engines oo Kk 9.651 
6 54 9.849 
Full ahead, one engine —... 6 55 8.675 8.276 


MANOEUVRING WITH ELECTRIC STEERING IN OPERATION. 


Time. 


5; Starboard helm at full speed —... min. 
Vessel full speed ahead to vessel stopped with propeller turning astern 

| Vessel full speed astern to vessel stopped with propeller turning ahead ... 

Propeller turning 120 R.P.M. ahead and vessel under full way to propeller 


| Complete circle on Port helm at full speed 1 min. 
| 
! 


15 sees. 
14 sees. 
26 secs. 


22 sees. 


Propeller turning 120 R.P.M. astern and vessel under full way to propeller 
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TABLE B. 


TowinGc TRIALS witH 100 R.P.M 


Barges ** Minster ” 
** Custodian 
Judge ”’ 
Gasoven 


Barges total 


Total tow 
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. PROPELLER. 
tons D.W. Coal. 


99 


tons. 
tons. 


tons. 


Time. Pull tons. Knots. Tow Rope 
Mins. Sees. | H.P. 

Towing four Barges 

With tide... 12 50 4.75 4.675 

Over tide 13 19 4.8 4.516 

Mean . 4.77 4.59 151 
Towing two Barges 

Judge and * Minster ™) 

With tide... 7 #18 4.25 8.21 

Over tide ine 16 48 4.25 3.57 

Mean .. 4.25 5.89 172 


TABLE 


TowrnG TRIALS witH 130 R.P.M 


Barges ** Custodian ” 
Gaslight 
Discoverer ” 
Gasoven ” 


Barges total 


Total tow 


Time. 


Towing four Barges—- 


Mean ... 13. 57 


. PROPELL 


ER. 


214 tons D.W. Coal. 


219 
199 
200 
832 
280 


1,112 


tons. 
tons. 
tons. 
| Knots. 
4.38 
4.23 


4.305 


Tow Rope 
H.P. 


153 


= 
275 
1130 
\ 
| Pull tons. | 
Mins. Sees. | 
5.25 | | 
5.10 » | 
5175 = 
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TABLE C.—(continued). 
Time Tow Rope 
a Pull tons. Knots. HP. 
Towing two Barges 
Gaslight and Discoverer °’) 
With tide 7 25 4.4 8.09 
Over tide ‘ 1s 5 4.3 3.79 
Mean ... Il 374 4.35 5.94 178 
Towing one Barge 
Discoverer ”’) 
With tide 5 47 3.6 10.375 | 
Over tide as 12 26 3.6 4.82 
Mean ... 9 64 3.6 7.597 188 
TABLE D. 
STANDING PuLL TRIALS witH 100 R.P.M. PROPELLER. 
| No. of Engines. | S.H.P. | R.P.M. Pull tons. 
| pull. pull. 
2 385 98 | 6.3 | 61 71 
1 195 75 | 3 | 65 76 
130 R.P.M. PRoPELLER. 
No. of Engines. S.H.P. | R.P.M. Pull tons. per'ton | 
| | pull. | pull. 
2 | 380 116 7.1 53.6 | 62.5 
2 417 118 7.3125 58.4 | 68 
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-Current-Limiting Reactors. 


Their Design and Application. 


By R. M. CHARLEY, MC., B.S:., M.I.E.E., Mem.A.1.E.E. 


Fig. 1.—Two of five, 6,000 kVA., 33.kV. banks of Reactors installed at the Barking Power Station of the 
County of London Electric Supply Company. 


Reactance in an alternating current circuit is 
one of the characteristics that cause voltage drop 
with its attendant problems which are becoming 
more and more urgent, but this same feature has 
a very real value in that it limits the amount of 
current that can flow in the circuit under short- 
circuit or earth-feault conditions. In the early 
days of the application of alternating current to 
electrical distribution, the question of voltage 
regulation was predominant, end transformers, 
even up to comparatively large sizes, were built 
with reactance values as low as 2 per cent. or even 
less. This practice was quite natural, for it was 
realised that good voltage regulation was desir- 
able, but little experience had been gained as to 
the effects of short-circuits on the system and 
connected apparatus. Practice has changed 
radically, until to-day the values of reactance for 


transformers are chosen on the basis of the 
minimum value that will allow the transformer 
to withstand the mechanical stresses due to short- 
circuit, and these values are as high as 10 per cent. 
or even 12 per cent. In these cases the voltage 
drop that results is compensated for by on-load 
tap-changing equipment on the transformers or 
by some form of separate voltage regulator. In 
spite of the increased circuit reactance which is 
now usual, the insertion of additional reactance 
is quite often necessary. 

The most usual application of a current- 
limiting reactor is where the conditions on the 
system result in a short circuit kVA. beyond the 
rupturing capacity of the installed switchgear. 
Much knowledge has been gained in recent years’ 
as to the capability of a switch of rupturing a 
short-circuit current, and in many cases it has 
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been found that existing switches do 
not have the rupturing capacity originally 
expected. Systems have extended and 
more generating plant has been installed, 
thus increasing the possible short-circuit 
kVA. Hence it has been necessary to 
carry out careful investigations into the 
characteristics of the system to deter- 
mine the relation between the worst 
possible fault condition and the capacity 
of the switchgear to deal with it. 

To replace the existing switchgear with 
new equipment of greater rupturing 
capacity is often an expensive matter, 
though there may be circumstances when 
this course is justified. It may be 
possible, in some cases, to increase the 
rupturing capacity of the switches by 
some modification such as the replace- 
ment of the existing contacts with new 
ones of the * De-lon Grid” type. The 
most usual procedure, however, is to 
install current-limiting reactors, the 
effect of which is to limit the short- 
circuit current to a value that can be 
safely ruptured by the switchgear. 

Reactors are sometimes connected 
between generators and the busbar; or 
they may be inserted between sections 
of the busbar, in which case it is clear pig, », 
that under normal conditions no current 
flows through the reactor. The majority of 
applications have the reactors connected in the 
individual feeders leaving a main station or a 
substation. 

The effect of the reactor on the voltage of the 
system is usually not serious. Fig. 3 shows the 
vector diagram for a case where a reactor having 
a value of 5 per cent. is connected in a circuit in 
which the power factor of the load is 0.8. The 
reactor voltage is almost wattless, and hence the 
vector V, is at right angles to the load current 
vector I, and the resultant voltage is V,. The 
voltage drop in the circuit is only 3 per cent.. In 
general, unless very high values of reactance are 
necessary, the voltage drop due to the insertion 
of the current-limiting reactor may be neglected. 
The vector diagram is not drawn to scale, as the 


Tank for Reactor showing special arrangement of cable boxes. 


values would be too small to illustrate the point. 

A current-limiting reactor must be designed so 
that it does not lose any of its effectiveness as 
the current through it increases up to the short- 
cireuit value ; in other words, the curve relating 
current and reactance must follow a straight line 
as closely as possible. It is only natural, there- 
fore, that the simplest design is one in which the 
leakage flux path is entirely in air. In some 
instances the reactor is assumed to be the only 
effective reactance in the circuit, e.g., the short- 
circuit current in a circuit containing a 5 per cent. 
reactor is 20 times normal current. It is more 
usual, however, to assume that there is some 
reactance in addition to that of the reactor, e.g., 
the short-circuit current in the above-mentioned 
case is less than 20 times normal. In any event, 
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Fig. 3.— Vector Diagram. 
the reactor must be designed to limit the current 
to the predetermined value ‘under the worst 
circuit conditions. 

The earliest air-core reactors were 
made in various forms. A construction 
sometimes used was one in which a lead- 
covered cable was wound in a spiral coil 
and completely embedded in a concrete 
block. This design, while having great 
mechanical strength, had severe limita- 
tions as regards current rating on account 
of the poor cooling efficiency. More 
commonly the reactor was wound as a 
spiral coil with its axis vertical, the con- 
ductor being a stranded cable, sometimes 
bare or wrapped with asbestos or other 
insulation. The turns and layers of the 
coil were spaced, and supported in 
various ways. In some designs the coil 
was wound on a former with temporary 
spacers, and then certain portions were 
filled in with concrete, thus forming solid 
supports for the turns and leaving 
sufficient exposed cable to provide 
adequate cooling. In other designs the 
concrete supports were replaced by cleats 
of porcelain, or some. hard insulating 


THE ENGLISH ELECTRIC JOURNAL 
composition usually with an asbestos base, these 
cleats being placed in position during the winding 
process and finally bolted together vertically by 
means of tie bolts of non-magnetic material. 


The modern design of air-core reactor is known 
as the Concrete Disc type, a typical example of 
which is illustrated in Fig. 4. In order to reduce 
eddy current losses in the conductor to the 
minimum, each strand of the cable is enamelled, 
but there is no further covering; thus the 
maximum cooling effect is obtained. The coil is 
wound with horizontal and_ vertical spacers 
formed of a very hard insulating material, and 
after completion the whole coil is dipped in 
bakelite varnish and baked, the result being a 
very solid and well-insulated coil. Finally, the 
coil is placed between two heavy concrete discs 
bolted together with axial bolts of non-magnetic 
material. The bottom dise is supported on insu- 
lators arranged for bolting to the floor. The ends 
of the conductor are brought out to copper bars 
fixed to the concrete discs. For heavier currents 
the conductor may comprise two or more cables 
in parallel. 


Fig. 4.—Typical Concrete Disc Type Reactor. 
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Fig. 5a.—3-Phase Magnetic Shielded 
Reactor (without Shields). 

This type of reactor is perhaps the most 
economical to construct, but it has several serious 
drawbacks. Such reactors are not suitable for 
outdoor service. Since the influence of the 
leakage field is unrestricted, care must be taken 
that magnetic material, such as the structural 
steel members of the building, whether exposed 
or concealed, must be kept outside a certain 
minimum distance from the coil. An approxi- 
mate rule for this clearance is that it should be at 
least equal to one-half of the outside diameter 
of the coil. Under short-circuit conditions, the 
magnetic forces between adjacent reactors may 
be very great, and hence the distance between 
them should not be less than the outside diameter 
of the reactor and they must be bolted very 
securely to the floor. These features mean that 


the installation of air-core reactors may be a 
costly matter, offsetting very largely the possible 
saving in initial cost of the reactors, as compared 
with the present almost universal practice of the 
adoption of reactors of the oil-immersed type. 

It is suggested that fundamentally the use of 
the air-core type of reactor is not consistent with 
the present common practice of making the entire 
system iron-clad or totally-enclosed. The reactor 
is installed solely as a protection, and hence surely 
it should be made in accordance with the best 
known principles. Accordingly, modern practice 
tends very strongly to the adoption of oil- 
immersed reactors, which, although more expen- 
sive, have the greatest possible reliability and can 
be installed out-of-doors. 

It follows from the previous statements 
regarding the unrestricted influence of the leakage 
flux of air-core reactors, that the serious problem 


Fig. 5b.—3-Phase Magnetic Shielded 
Reactor (with Shields). 
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in the design of oil-immersed reactors is to prevent 
the flux penetrating the tank-side, causing very 
heavy losses and serious heating. This can be 
achieved by a combination of judicious spacing, 
and the provision of shields between the coil and 
the tank. 

There are two designs, commonly known as the 
Magnetic Shielded type and the Lronclad type, 
respectively, each having its particular applica- 
tion depending on the characteristics of the 
reactor. 

In the Magnetic Shielded type of reactor the 
shields are formed of packets of laminations of 
transformer-steel clamped solidly to prevent 
vibration and mounted at an appropriate distance 
from the coil, the plane of the laminations being 
vertical and at right angles to the surface of the 
tank. In the larger sizes the shields are mounted 
on the wall of the tank, but for smaller units they 
are supported in wooden frames around the coil 
itself. This construction allows the assembly of 
three coils in a three-phase bank of comparatively 
small capacity, vertically on the same axis, thus 
minimising the floor space required. An example 
of such a three-phase reactor is illustrated in 
Fig. 5 (a) without shields, (6) with shields. 


The winding and insulation of Magnetic 
Shielded reactors is similar to that described for 
the Concrete Disc type, but the complete coil is 
clamped between substantial plates of steel with 
phosphor-bronze bolts, insulation and adequate 
spacing between the coil and the plates being 
obtained by means of substantial collars of 
bakelised paper. 

Fig. 6 shows the coil of a current-limiting 
reactor which is one of the largest ever built. 
A three-phase bank gives 12 per cent. reactance 
on 50,000 kVA. in a 33 kV. 50-cycle circuit. The 
equivalent normal rating of the three-phase 
reactor is therefore 6,000 kVA. Five of these are 
connected between sections of the 33 kV. busbar 
in the Barking Power Station of the County of 
London Electric Supply Company, Ltd. The 
magnetic shields are mounted inside the periphery 
of the tank. Cooling surface for dissipating the 
losses is provided by elliptical tubes bent on edge 
and welded into the tank-side. This construc- 
tion is unique, and it enables a much greater 
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amount of cooling surface to be obtained on a 
certain size of tank than is possible with round 
tubes. This feature is adopted with great advan- 
tage in transformer design. The arrangement of 
the tank and cable boxes is shown in Fig. 7. 

An Ironclad reactor is illustrated in Fig. 9. 
The construction is very similar to a transformer 
of the single-phase three-limb core type, but the 
centre limb on which the coil is mounted is formed 
of non-magnetic material instead of laminations 
of steel. 

In the Magnetic Shielded and Ironclad type of 
reactors transformer steel laminations are used 


ves 


Fig. 6.—Coil as used in the Reactors illustrated in Figs. land 7. 
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One of a number of banks of Reactors installed at the North Tees Power Station 
of the North Eastern Electric Supply Company. 
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Fig. 7.— Reactors installed at the Barking Power Station (see Fig. 1). 
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Fig. 9. Ironclad Type Reactor. 


as the shields, forming low reluctance paths for 
the flux outside the coil, thus preventing the stray 
flux from entering the tank. The laminations 
become saturated under short-circuit conditions, 
and the reactor then functions as an air-core 
reactor. The characteristic curve is shown in 
Fig. 10. It is a straight line above which a small 
excitation curve is superimposed ; up to several 
times full load current the reactance is slightly 
greater than for an air-core reactor, above which 
point the curve is parallel to the straight line for 
the air-core coil. 

An important feature in the design of the 
winding of reactors is the ability to withstand the 
mechanical stresses produced under short-circuit 
conditions. The force due to current flowing in 
the conductor is proportional to the square of the 
current. There is a radial force tending to increase 
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the diameter of the winding, but the tensile 
strength of the conductor is great enough to 
withstand this stress. The serious force in the 
winding is that tending to reduce the axial length, 
which, consequently, exerts a bending force on 
the conductor between the spacers. Care must be 
taken to ensure that the construction is safe in 
this respect, otherwise short circuits between 
turns may occur, 

The thermal design of a current-limiting reactor 
is a very important consideration. Under normal 
load conditions the loss generated must be dissi- 
pated by radiation from the cooling surface of the 
tank in order to keep the temperature rise of the 
winding below 55° C. The loss is proportional to 
the square of the current ; hence, when a short- 
circuit occurs, the loss is many times that of the 
loss at normal load, and heat is generated so 
quickly that little of it can escape from the con- 
ductor and consequently the temperature of the 
copper rises at a very rapid rate. The maximum 
temperature permissible at the end of the short 
circuit is 250°C. It is usually assumed that the 
reactor shall be capable of withstanding the short- 
circuit conditions for five seconds. 
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Fig. 10.—Characteristic Curve for Reactor with Shields. 
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The ratio between the normal 
current and maximum short-circuit 
current has a big influence on the 
thermal design of the reactor. For 
instance, if the reactor is to give 5 
per cent. reactance and no other 
reactance is in the circuit, the short- 
circuit current is twenty times 
normal, in which case the short- 
circuit conditions probably deter- 
mine the thermal design. But if 
there is additional reactance in the 
circuit so that the maximum short- 
circuit current is only, say, twelve 
times normal, then normal load 
conditions have the greater influence 
on the design. This feature is also 
affected by the policy as regards 
normal load loss. In order to save 
running costs it may be desirable 
to reduce the load loss to a com- 
paratively low value by the use of 
a bigger conductor, which naturally improves 
the thermal conditions under short-circuit. 

The temperature rise during the time of short- 
circuit can be calculated from the following 
formula :— 


2Ta B 


Tf = final temperature, in ° C., 

Ti = initial temperature, in © C., 

Ta = absolute initial temperature (Ti + 234.5), 
t = duration of short-circuit, in seconds, 


_ eddy current loss 

K = ratio I?R loss at 75°C, 
watts per lb. at Ti? C. 

B = 2Ta + At. 


Tanks, bushings and cable boxes of reactors 
follow very closely usual transformer practice. 
Based on the principle that a current-limiting 
reactor is installed solely to protect the system, 
no precaution should be neglected to ensure the 
greatest possible reliability. Therefore the tank 
is equipped with an expansion vessel so that it is 
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11.— Coils for small 3-phase Oil-immersed Reactor. 


completely filled with oil, the di-electric strength 
of which is thus maintained at a high value. 

In addition to the various applications of 
current-limiting reactors mentioned at the begin- 
ning of this article, the vast network of interlinks 
at 132 kV. and 66 kV. now covering this country 
will probably bring problems necessitating the 
installation of reactors. Such requirements can 
be met for there is practically no limit to the size 
and voltage for which current-limiting reactors 
of the type described above can be built. 

The following example illustrates the calcula- 
tion of the size of reactor required in a certain 
application which is typical of many cases now 
arising. It is assumed that a small generating 
station is arranging to take a bulk supply from 
the Grid through step-down transformers and 
switchgear on to a new busbar, but it is desired 
to be able to feed on to the station busbar and 
thence to the old feeders through the existing 
switchgear. The latter has a rupturing capacity of 
only 150,000kV A. and calculation shows that under 
the new conditions a reactor must be inserted 
between the old and new busbars. It is assumed 
that the worst condition is a symmetrical three- 
phase short circuit on one of the old feeders (F). 


F 
— 
| 
a 
: 
= 
— 
where 
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Schematic Diagrams 


2.000 kVA. aw 5,000 kVA. | 75500 kVA. TS500kVA. 
8% 10% 7-6% aww HOY 


30% 


x xX x 


“we 


7-6%% 


SOC 


x x 


The « figures are reactance values on a basis of 7,500 kVA. 


Simplified Diagrams 


30% 15% 307 15% 3°8% 
OR 
x 
Generators alone : 
] 
Resultant Reactance = 1 l= — 109% 
O33 -067 /o 
30 15 
Short Circuit kVA. = 10 * 7.500 = T5000kV A. 
Transformers alone (without reactor) : 
Resultant Reactance = 1 | = = 38% 
satwa °132 + -132 
7°6 7°6 
100 
Short Circuit kVA. 7,500 197 000kV A, 
Generators and Transformers together (without reactor) : 
Resultant Reactance = 1 — = 278% 
Short Cireuit kVA. =- x 7,500 = 273,000kVA. 


2°75 


| 
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To limit the Short Circuit kVA. to 150,000 kVA. the Total Resultant Reactance must not exceed 


100 
190,000 


7,500 — 59% 


The value of reactance required in the reactor (2) may now be calculated as follows : 


] 4 
3S 
38 +2 10 
10 
x 6-2 
Check Caleulation : 
Total Resultant Reactance 5% 
10 38 + 62 
Short Circuit kVA 100. 7,500 150,000kV A. 
» 
The proportions of this total Short Circuit kVA. supplied from the two sources are : 
Generators 7.500 7D 000 kVA. 
100 
Transformers 7.500 O0OkV A, 
3°8 + 6-2 


(It is only a coincidence that the proportions are equal.) 


In the above calculations it is assumed that the 
equivalent reactance of the Grid supply system 
up to the 
neglected. 


step-down transformers may be 
It is required to give a supply of only 6,000 
kVA. from the Grid to the old busbar, and, con- 


sequently, the reactor must be designed for a 


continuous current rating corresponding to 6,000 


6.000 

kVA. and a reactance of 6.2 x ~~ = 4.96%, 
7.500 

and under short-circuit conditions it must be 


capable of carrying 75,000 kVA. for a period deter- 
mined by the setting of the circuit breakers, say, 
5 seconds. 


The system is three-phase 50 cycles and 3,300 volts. The characteristics of the reactor would be 


as follows :— 


Continuous Current Rating = 


Reactance Voltage per phase ... 4:95°%, of 


Equivalent Capacity = 


Reactance per phase = 


Short Circuit Current 


This reactor would be of the oil-immersed iron- 
clad type, three separate single-phase coils being 


mounted one above the other in the same tank. 


The total weight would be about 8,200 lb., and 


6,000 « 1,000 
3.300 1-73 


4-95°% of 6,000 = 

1,050 x 94 x 3 = 
94 

1.050 

75,000 « 1,000 
3.300 x 


1,050 amps. 


3,300 94 volts. 

1:73 

297 kVA. 

297 kVA. 

‘0895 ohm. 

1.73 13,200 amps. 
= 12-6 times F.L. current. 


the approximate overall dimensions would be 
56 inches diameter, and 124 inches high. The 
loss under the continuous current rating condition 
of 297 kVA. would be about 12,600 watts for the 
three-phase unit. 


4 
or = = 
iy, 
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Outdoor Bushings combining the advantages of the Condenser 
Construction with Oil Filling between the Condenser Bushing and the 
Porcelain can be supplied suitable for all voltages for both Transformer 
and Oil-Circuit Breaker service. A special feature of our design is the 
absence of cemented joints between metal parts and porcelains. 


132 kV Oil-Filled 
Condenser Type 
Outdoor Bushing 
for Transformer 
Service 


66 kV Oil-Filled 
Condenser Type 
Outdoor Bushing 
for Transformer 


Service 


The illustration shows the H.V. side of an Outdoor Transformer fitted. 
with Remote Controlled On-Load Tap Changer. 


It has a rating of 
7,500 KVA 3-phase 50-cycles, 60,000-—-30,000 33,000 volts connected Star Star. 
This Transformer is fitted with our 66 kV Outdoor Condenser Type Oil- 
Filled Bushings and was manufactured by The English Electric Co., Ltd., 
Stafford, to whom we are indebted for permission to use this illustration 


THE MICANITE & INSULATORS CO. LTD. 


Electrical Insulation Engineers 


and Manufacturers 


WALTHAMSTOW LONDON, E.17 


April, 1935, 
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STEEL 


WEDNESFIELD, Nr. WOLVERHAMPTON 


Manufacturers of 


BLACK SHEETS, CLOSE ANNEALED SHEETS, 

CR. & CA. SHEETS, PATENT FLATTENED SHEETS, 

PICKLED SHEETS, PLATES, <° THICK & UNDER, 

CIRCLES, Etc. ALSO SPECIAL DEEP STAMPING 
& WELDING QUALITY. 


WEDNESFIELD STEEL CO., MIDLAND SHEET CO., 
WEDNESFIELD, Nr. WOLVERHAMPTON. BRICKHOUSE WORKS, WEST BROMWICH. 
Phone: FALLINGS PARK 31375. Phone: TIPTON 1530. 


| 


comes 

from infinite 
technical care 
—and 
experience 


Taylor Tunnicliff & Co. Ltd., 110 Cannon St., London, E.C.4, Factories at Hanley, Stone & Longton, Staffs. Tel. : Mansion House 7211-2 & Hanley 5272-4. 
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COVER THE 
MANUFACTURING 
WORLD 


The A.B.M.T.M. group of machine-tool makers covers the whole 
field of machine-tool building, giving the engineer at home and 
abroad a unique manufacturing and sales service. 


Apart from the mainspecialities of the Associated firms, as given below, 
customers have the advantages of the pooled research, the accumulated 
experience and the entire technical resources of the whole group. 


The abundant advantages thus provided by group co-operation will 
be obvious. The after-sales service provided is of a kind beyond the 
scope of the single manufacturer. 


THE MAIN SPECIALITIES WN 
of the Associated Firms areas follows: 


Drilling Machines. James Archdale & Co., Ltd., 
Birmingham. 


Lathes. John Lang & Sons Ltd., Johnstone, 
Glasgow. 

Boring Machines and George Richards & Co., Ltd., Man- 

Boring Mills. chester. 


Gear Cutting Machines. J. Parkinson & Son, Shipley, Yorks. 


Grinding Machines. The Churchill Machine Tool Co., 
Ltd., Manchester. 


Turret and Capstan H. W. Ward & Co., Ltd., Birming- 


Lathes. ham. 
Planers, Slotters, etc. The Butler Machine Tool Co., Ltd., 
Halifax. 
Plano Millers \ Kendall & Gent (1920) Ltd., 
Screwing Machines Manchester. 
Milling Machines. J. Parkinson & Son, Shipley. 
Jas. Archdale & Co., Ltd., Birming- 
ham. 


For further particulars write to: 


17, GROSVENOR GARDENS 
LONDON S.W.1 


SSOCIATED RITISH ACHINE OOL AKERSL’ 
17, GROSVENOR GARDENS. LONDON, S.W.I. Y 
— 
ING 
iS (-) 
4 TRADE’ 
MARK 4 
To 
LIMT. 


April, 1935, 
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EFFICIENCY 


EXCELLENCE 
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A six-cylinder Fullagar Engine, coupled to 1,000 kw. Alternator, 
on test at our Rugby Works, before despatch to India. 


MECHANICAL 


FULLAGAR 


DIESEL 


OIL ENGINES 


‘English Electric’ Fullagar Engines have recently been 
supplied to the 
BRITISH ADMIRALTY 
and a 1,960 B.H.P. Engine and Alternator is now in hand for the 


STATES OF GUERNSEY ELECTRICITY DEPT. 
SPECIAL FEATURES 


No cylinder heads, exhaust or 


air inlet valves. 

Simplicity and Reliability. 
Conservative rating. 

Low Piston Speed. 

No separate scavenge pumps. 


6 
7 


8 
9 


INJECTION 


Low fuel and 
consumption. 
Minimum space occupied 
per B.H.P. 

Immediate starting. 

Low stresses in frame. 


lubricating oil 


The full range of ’ English Electric’ Diesel Engines is 


from 150 B.H.P. to 3,500 B.H.P. 


ENGLISH 


ELECTRIC COMPANY LTD. 


Queen's House, Kingsway, London,W.C.2. 
Works: STAFFORD, BRADFORD,RUGBY, PRESTON. 
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Che ARCLIGHT ” 
HORIZONTAL~ PHOTO-COPIER 


PATENT No. 248842 
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DOUBLE ELEPHANT SIMPLEX MACHINE 


THE UNIQUE ADVANTAGES DESIGN 
CONSTRUCTION AND PERFORMANCE OF THE 
NEW 1935 MODELS HAVE WON THE COMPLETE 
APPROVAL OF ENGINEERS AND PRACTICAL 
PHOTO PRINTERS. YOU WILL SHARE THEIR 
ENTHUSIASM 


Full Particulars and Prices from 


Patentees and Sole Makers: 


E. N. MASON & SONS, LIMITED 


PHOTO PRINTING EQUIPMENT SPECIALISTS 


ARCLIGHT WORKS - COLCHESTER - ENGLAND 
LONDON ~— BIRMINGHAM — MANCHESTER — NEWCASTLE-ON-TYNE 
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HIGH-SPEED VERTICAL 
MILLING MACHINES 


Robust Construction for really 
heavy duty. 


Centralised and simplified control 
for heavy operation. 


Quick power traverse to all 
motions for abundant output. 


Wide range of feeds and speeds 
to enable high-speed steel 
or alloy cutters to be used. 


Ask for brochure N.S.53. 


MADE IN THREE SIZES—2}", 3)" and 4” SPINDLES. 


The illustration shows a 4-inch spindle machine. 


CRAVEN BROTHERS mancuester) LTD. 


REDDISH - - - STOCKPORT. 
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Sockets & Pockets 


Not much connection between sockets and pockets at first 
thought ; but have you ever stopped to realise how small 
savings on each socket help to swell your pocket. It is 
really surprising how ‘ Better-Service’’ Sockets cut your 
drilling costs. 


They outlast ordinary unhardened sockets many times, and 
will have an astonishing effect on your small-tool bill. 


Start ordering ‘‘ Better-Service”’ Sockets to-day, and let your 
pocket feel the benefit. 


SEND FOR SAMPLE SOCKET ON APPROVAL. 
A TRIAL WILL CONVINCE YOU. 


REDUCED PRICES. 


| | 
| Oude Taper Price 

No. 1 To suit No. 2 Morse 3 3 
3 4 3 
1 4 6 0 

1 5 9 0 

2 4 6 0 

2 5 9 0 

No. 3 6 0 
3 5 9 0 
No. 4 9 0 


William Asquith, Limited, 


Well Royd Works, HALIFAX, 
ENGLAND. 


April, 1935. 
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me no manu- 
facturer could 
makethatforus!” 


How often has this been said 
in your drawing office? 

How often have your designs 
had to be modified to cut out 
apart 


which you thought 


could not be made? 
Will it happen again? 
If it does, communicate with 
Bolton’s. They offer the 
experience of a century and a 
half in the 
copper and its alloys, and_ if 
that part CAN be made, they 


will make it. 


manufacture of 


ESTABLISHED 1763 


MERSEY COPPER 
WORKS, WIDNES wa 


168 REGENT STREET 


Copper . Brass. Bronze 
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Telephone : 


BISHOPSGATE 
2444 


TO ATTRACT ATTENTION 
SHOULD BE THE OBJECT 
OF YOUR PRINTING 


of commonplace 
printing produces no 
return, wastes money and 
impairs reputation, 
Printing should be of an 
arresting character and of 
dignity commensurate with 
a Firm’s standing. Our 
lay-out artists are always 


at your disposal. 


Straker Brothers Ltd 


THE BISHOPSGATE PRESS 


Printers of publications, 
advertising folders, tender 
covers and publicity matter 
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for the electrical industry 


194-200, BISHOPSGATE, LONDON, E.C.2 
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